The existence of suspended solids at Hitotsuse dam, Miyazaki Prefecture, Kyushu, Japan, has 
Introduction
Kyushu electric power plant which is located in the Hitotsuse dam, in Miyazaki Prefecture is one of the main electric power plants managed by Kyushu Electric Power Plant Company. The water in this dam is supplied from the rivers fl owing from the upper basins. During several recent years, the environmental degradation problem has been the concern of the company. One of the sources of the problem is the existence of turbid water from the upper rivers which can potentially causes the existence of suspended solids at Hitotsuse dam. In a long term, it is worried that this phenomenon will potentially cause the environmental degradation, especially around the dam, where the Kyushu Electric Power Plant is located. Therefore, necessary measures are required to secure the dam from environmental degradation, which in return is to assure the long term power plant operational activities.
Stream water substance is controlled by numerous natural and anthropogenic factors (Ahearn et al., 2005) . Their effects on hydrochemistry can either be diffuses (e.g., runoff from urban and crop cultivation, interfl ow through organic rich soils) or point pollutants (e.g., industrial effl uents) (Sliva and Williams, 2001; Li et al., 2008) . Also, watershed characteristics including topography and surfi cial geology can infl uence surface water quality (Sliva and Williams, 2001 ). In recent years there is a rapid declining availability of usable freshwater in terms of water quality and quantity due to unsustainable land use practices (Ngoye and Machiwa, 2004 ). Water quality is generally linked to land use/land cover (LULC) in catchment (Ahearn et al., 2005) , and studies have been focusing on their relationships with water quality variables such as dissolved salts, suspended solids, and nutrients (Hill, 1981; Smart et al., 1998; Sliva and Williams, 2001; Turner and Rabalais, 2003; Ahearn et al., 2005) . They conclude that agricultural land use strongly infl uences nitrogen (Smart et al., 1998; Ahearn et al., 2005) , phosphorus (Hill, 1981) , and sediments (Ahearn et al., 2005) in stream water. Urban land use has infl uenced water nutrients as well (Sliva and Williams, 2001 ).
Turbidity is a fundamental index used to assess water quality conditions. Turbidity in natural waters is typically caused by fi ne inorganic and organic particles suspended within the water column.Variations in turbidity also help us to understand the distribution of total suspended solids or sediments (TSS), as well as processes like coastal erosion and mobilization of chemicals or pollutants (Heyes et al., 2004) . Researches and studies with focus on river turbidity have been a concern for some researchers (Chikita and Okumura, 1990; Pirmez and Imran, 2003; Pavanelli and Bigi, 2005; Lawler et al, 2006; ; Foltz et al, 2007; Susfalk et al, 2008; ) . Lawler et al (2006) for example, conducted research on the analysis of turbidity dynamics during spring storm events in an urban headwater river system. A research on the calculation of sediment runoff values from a watershed has been demonstrated by Osawa et al (2003) . This research develops a Suspended solids Contents (SSC) analysis model based on a storage-type and lumped parameter model, such as Tank Model, for a watershed with insuffi cient data collection, to calculate discharge and SSC at the end of the watershed. Sakai et al (2005) developed a storage-type sediment runoff model with two runoff elements of direct runoff and base runoff with the sediment runoff process corresponding to these runoff elements. This model is used to calculate SSC of two catchments in Okinawa with signifi cant success.
Other researches which are focused on the utilization of satellite images for monitoring water turbidity has been carried out by many researchers (Chen et all, 2007; Bustamante et al, 2008; Stech et al, 2007) . The utilization of this data is based on the fact that satelliteborne sensors is potentially to be an effective tool to assess turbidity because they provide synoptic and frequent mapping capabilities. However, satellite platforms also have limitations such as in spatial resolution, revisit time, accessibility to data, sensor calibration and image processing software.
By considering the turbidity problem characteristics in the Hitotsuse area, this study tries to develop a spatio-statistical analysis model which is based on GIS spatial analysis method and statistical approach to understand the potential factors which cause in the existence of turbidity in the river water. Hydrological Tank Model was utilized for river water turbidity based on input precipitation data as it proves to be potential for hydrological modeling.
Study Area and Research Method
Miyazaki Prefecture is located in south-east of Kyushu island, Japan, surrounded by Oita Prefecture on the north, Kumamoto Prefecture on the west, Kagoshima Prefecture on the south, and Pacifi c ocean on the east. The study area is in a mountainous forested terrain of the Hitotsuse area in Miyazaki Prefecture, Kyushu (Figure 1) The research fl ow is grouped into three steps: 1) spatial information extraction and analysis, 2) river water fl ow and turbidity observation and analysis, and precipitation data collection, and 3) statistical analysis. Spatial information extraction and analysis includes steps of preparation and development of spatial data necessary for the analysis. This was done based on spatial analysis method within GIS. The extracted and developed spatial data are the factors which are potentially contribute to the existence of river turbidity, which then are called mechanical factors. These identifi ed mechanical factors are described in table 2, which are grouped into fi ve types of contributing factors. 
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The river fl ow and turbidity observation was done by measuring the river fl ow and its turbidity within a period of time at eight selected stations (see table 1 ). These stations were selected based on the turbidity currents which were identifi ed from the previous study. Then, based on the previously developed tank model system, the collected precipitation data, river fl ow data, and turbidity data were utilized to develop a hydrological model of the study area. This model was used to predict the turbidity currents under specifi c precipitation input data, namely 10 mm/h, 20 mm/h and 30 mm/h. The resulting turbidity currents which were predicted under specifi c rainfall circumstances were then utilized to identify the correlation between the mechanical factors and the turbidity currents by utilizing multiple regression analysis.
Results and Discussion
The developed spatial database which is necessary for conducting the analysis comprises of several data which are identifi ed as mechanical factors. These mechanical factors are believed to be the contributing factors for the occurrence of the suspended material in river turbidity. Some of these mechanical factors are depicted in fi gure 2. Figure 2a shows the four watersheds namely Hitotsuse, Itaya, Ogawa, and Shiromi watershed, also eight selected observation stations for the purpose of turbidity and river fl ow data collection which are located in the Hitotsuse watershed. Each of these stations represents its catchment. The stations selection was based on the previously recorded turbidity data which showed the signifi cant high quantity of the suspended solids contents within the water column.
For the hydrological factor data, the extracted information is drainage area, river length, river density, curvature of river, and stream gradient. These hydrological factor data were extracted from DEM (Digital Elevation Model) and river networks. Drainage area represents the catchment area, which was created by using ArcHydro tools within ArcGIS. For the purpose of analysis, the river length, river density, river curvature and stream gradient are extracted within the analysis unit of catchment. The DEM was also the main data for the purpose of topographical factor data, which include average of slope angle, dip direction, slope number and density, terrain undulation, and failed slopes. Average of slope angle (or average inclination) is the average inclination angle which was calculated from slope units within the analysis unit. The dip direction (inclined direction) is the majority of inclined direction (represented by eight directions) which was calculated from all the slope direction within the analysis unit. Slope number and density is the number of slope units within the analysis unit and the number of slopes per area unit within the analysis unit respectively. The terrain undulation is the value which designates the difference in elevation of the highest altitude point and the lowest altitude point within the analysis unit per unit area. The other thematic data include geological and edaphic factor data, land cover factor data, and man-caused factor data. The identifi ed important data for geologic and edaphic factor are geologic condition and soil type data. Failed slope area has been regarded as one of the important factors which dictate the occurrence of suspended solids. Therefore, landslide scar is one factor that should be extracted from the satellite data, conducted by visual inspection. The total area of the landslide scar that could be identifi ed is about 2.36 km 2 , or about 0.63% of the total study area. This number is the accumulation from the four watersheds at about 1.25 km 2 (0.74%) for Hitotsuse, 0.38 km 2 (0.49%) for Itaya, 0.31 km 2 (0.53%) for Ogawa, and 0.42 km 2 (0.55%) for Shiromi watershed. The percentage is the proportion to the total area of each watershed. The identifi ed landslide scar areas then were represented into each slope unit. The result is the number of slopes which contain collapsed area, accounted for about 2575 or about 3.72% of the total area. This slope number is distributed within Hitotsuse, Itaya, Ogawa and Shiromi watersheds at about 1265 (3.88%), 490 (3.65%), 320 (4.22%) and 500 (4.39%) respectively.
Man-caused factor includes area of artifi cial forest and road density. Within the entire study area, forest area occupies about 91.60% of the total area. This is composed of natural forest at about 47.48 % and artifi cial forest at about 44.12 %. The artifi cial forest is forest area which is planted with specifi c tree types and managed by local people for logging industry purpose. This area is distributed around the four watersheds with different coverage. Furthermore, the total length of the road networks is about 949.70 km. This is distributed in Hitotsuse, Itaya, Ogawa and Shiromi watershed with road length at about 371.25km, 250.52 km, 140.62 km, and 187.27 km respectively. The density of road is the proportion between road length and its area. Therefore the average road density for each watershed is about 2.57 km/km 2 for Hitotsuse, 3.69 km/km 2 for Itaya, 3.65 km/ km 2 for Ogawa, and 3.22 km/km 2 for Shiromi watershed. In this research, the road density is calculated within catchment unit area.
The hydrological data includes rainfall, turbidity and river fl ow data. The historical river fl ow quantity (m 3 /s) at several stations as a result to rainfall from January 1 st until August 28 th 2007 is represented in fi gure 3. During that time period, there were two peak rainfall intensities between April 6 th and April 30 th valued at about 30 mm/hour. The resulting river fl ow due to those two peak rainfall can be seen at Station H29 which shows highest river fl ow intensity with maximum value at about 9.8 m 3 per second. Even though did not show a signifi cant response to the peak rainfall intensity, Station 31 shows relatively constant river fl ow volume, with average value at above 1.4 m 3 per second. For Stations H21, H26 and H28, even though they show a constant river fl ow value much less than Station H29 and H31, these stations show signifi cant response to the two rainfall events. One of the reasons of the phenomenon is because the rainfall intensity was not evenly distributed over the whole area with the same intensity, concentrated around H29 and H31 catchments. The turbidity amount as a response to the rainfall events is depicted in fi gure 4. This fi gure also represents the graph of predicted turbidity calculated by using tank model system. From the fi gure, it can be clearly seen that there is a positive correlation between the rainfall and observed turbidity. The rainfall events over the basin area has resulted in a signifi cant turbidity quantity outfl ow as can be seen from the positive response of the turbidity value towards the rainfall data. In other words, the rainfall data variation throughout the graph is resembled by the turbidity data distribution along the time series. This positive strong correlation is verifi ed by the correlation determination value at about 0.9 which was resulted from regression analysis. However, this is not the case for the predicted turbidity values. Even though the predicted turbidity values show the similar fi gures with the observed turbidity values, this fi gure is not good enough to judge the strong correlation between rainfall and predicted turbidity values. This is supported by the weak correlation determination value at about 0.56. Nonetheless, due to the high complexity of the hydrological model of the study area to be modeled, this result is considered good enough. 
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The collected data were statistically evaluated using multiple regression analysis method. Since the general purpose of multiple regressions is to understand the relationship between several independent or predictor variables and a dependent or criterion variable, there are two objectives of the utilization of this method in this research. Firstly is to understand the important factors contributing to the occurrence of the suspended solids in the turbid water; and secondly is to be able to predict the total suspended solids quantity within the whole watershed. For this purpose, the mechanical factors are regarded as the independent variables, whereas turbidity is considered as dependent variable. The turbidity value used in this analysis is the turbidity values resulted from the hydrological tank model based on the constant intensity of precipitation input data at 10, 20 and 30 mm/h. This scenario was applied in order to be able to measure the infl uence of the mechanical factors towards the resulting turbidity values at a certain rainfall event. Sce stands for Scenario.
From the selected scenarios, the selected mechanical factors which signifi cantly contribute to the suspended solids outfl ow vary from model 1, model 2 and model 3. Area of landslide scar, for example, is regarded as important factor in model 1 and model 3, whereas drainage area and terrain undulation factors are essential in model 1 and 2. The ideal situation is that the selected mechanical factors are the same in all models. Yet, it is diffi cult to achieve this ideal result since there are many aspects in the research steps contribute to the fi nal results. One of the aspects is the hydrological model used for turbidity prediction. Necessary measures need to be carried out to refi ne and to improve its performance.
For the purpose of turbidity prediction for the whole watershed area, regression equation was constructed. Equation (1) 
From comparison of the coeffi cient of each term in this equation, it is notable that area of landslide scar is more important for predicting suspended solids than the area of artifi cial forest.
Conclusion
An attempt to understand the infl uential factors in relation to the suspended solids currents within the river water in Hitotsuse area has been demonstrated in this research. The spatial data extraction process which was conducted within GIS spatial analysis could be conducted effectively. Furthermore, by applying multivariate analysis on the three models which were based on three different precipitation intensities (10 mm/h, 20 mm/h and 30 mm/h), the important factors which dictate the suspended solids currents could be recognized. These identifi ed mechanical factors vary from model 1, model 2 and model 3. However, based on these fi ndings, it can be concluded that in general, the important mechanical factors are drainage area, terrain undulation, area of landslide scar, and area of artifi cial forest.
